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(54) Ink jet recording head 

(57) An ink jet recording head designed to prevent 
the displacement characteristic of a piezoelectric vibra- 
tor (9) from being varied depending upon the number of 
simultaneously driven piezoelectric vibrators (9). The 
recording head includes a passage unit (1), a vibrator 
unit (8) and a connecting member (28). The passage 
unit (1) includes a nozzle plate (3) having a nozzle aper- 
ture (2) therein, a passage forming plate (7) having a 
pressure generating chamber (4) and a reservoir (6), 
and an elastic plate (10). The nozzle plate (3), the pas- 
sage forming plate (7) and the elastic plate (1 0) are lam- 
inated together. The vibrator unit (8) includes a fixing 
plate (27), and a plurality of piezoelectric vibrators (9) 
fixed at one end portion thereof to the fixing plate (27) at 
a predetermined pitch and contacting the elastic plate 
(10) at another end portion thereof. The piezoelectric 
vibrators (9) are actuated in a longitudinal vibration 
mode for emitting an ink droplet by deflecting the elastic 
plate (10) to expand or contract the pressure generating 
chamber (4). The connecting member (28) is elastically 
deformable and extends across the piezoelectric vibra- 
tors (9) in a transverse direction and is secured thereto. 
Dummy piezoelectric vibrators (9*) are disposed at 
opposite ends of the array of piezoelectric vibrators (9) 
and an end of the connecting member (28) is fixed to 
the dummy vibrator (9') . 
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Description 

The present invention relates to an ink jet recording 
head for recording images and characters on recording 
paper by emitting ink droplets from nozzle apertures by s 
the expansion and contraction of piezoelectric vibrators 
operating in a longitudinal vibration mode. 

It is known to use a recording head having piezoe- 
lectric vibrators which operates in a longitudinal vibra- 
tion mode and which can be driven at a high speed, 10 
Such a recording head includes a passage unit formed 
by laminating a nozzle plate having nozzle apertures, a 
passage forming plate having pressure generating 
chambers and reservoirs, and an elastic plate. The 
recording head is driven by a vibrator unit including pie- is 
zoelectric vibrators which expands and contracts in its 
longitudinal direction with one end of the vibrator being 
fixed to a fixing base. 

With such a vibrator unit, since the rigidity of the 
vibrator itself is high, the area of the contact surface with 20 
the pressure generating chamber can be reduced and 
the vibrator unit will still be suitable for a recording head 
designed for high density printing. However, when high 
density printing is desired, there are the following con- 
cerns: (1) the array pitch is extremely small; (2) the 25 
reaction force which operates on a fixing base is 
extremely large; (3) the amount of deflection of the fix- 
ing base is varied depending upon the number of simul- 
taneously driven piezoelectric vibrators; and (4) the 
capacity of the emission ol ink droplets depends upon 30 
the number of simultaneously driven piezoelectric vibra- 
tors. 

To address these concerns, measures have been 
taken, such as providing a fixing base made of a very 
rigid material and a reinforcement member, such as 35 
metal, inserted between a frame for integrally fixing the 
passage unit and the vibrator unit. However, there is a 
problem associated with this solution in that the fixing 
base is too large and the assembly is complicated. 

The present invention is made to solve such prob- 40 
lems and the object is to provide an ink jet recording 
head in which the displacement characteristic of each 
piezoelectric vibrator can be equalized without increas- 
ing the overall size of the recording head. Further, the 
displacement characteristics should be consistent inde- 45 
pendent of the number of piezoelectric vibrators that are 
driven. 

To solve this object the present invention provides 
an ink jet recording head as specified in claim 1 . Pre- 
ferred embodiments of the invention are described in so 
the subclaims. The claims are to be understood as a 
first non-limiting approach for defining the invention in 
general terms. 

To solve such problems, according to the present 
invention, the ink jet recording head includes: a pas- ss 
sage unit including at least one nozzle aperture, a 
chamber associating with said nozzle aperture, and an 
elastic plate serving a part of a wall of said chamber; 



and a plurality of piezoelectric vibrators fixed at one end 
portion thereof to said fixing plate at a predetermined 
pitch and contacting said elastic plate at another end 
portion thereof, said piezoelectric vibrators being actu- 
ated in a longitudinal vibration mode for emitting an ink 
droplet by deflecting said elastic plate to expand or con- 
tract said pressure generating chamber; and an elasti- 
cally deformable connecting member extending across 
said piezoelectric vibrators in a transverse direction and 
secured thereto. The displacement of the piezoelectric 
vibrators is controlled by the connecting member. 
Accordingly, in case multiple piezoelectric vibrators are 
simultaneously displaced, the mutual displacement and 
the displacement speed are equalized by the connect- 
ing member and the variation of the displacement char- 
acteristic depending upon the number of driven 
piezoelectric vibrators is controlled. 

Further, dummy piezoelectric vibrators are dis- 
posed at opposite sides of the array of piezoelectric 
vibrators and an end of said connecting member is fixed 
to said dummy vibrator. Finally, according to one 
embodiment, the connecting member includes an elas- 
tically deformable ribbon cable for supplying a driving 
signal to said piezoelectric vibrators. 

Further advantages, objects and details of the 
invention will be apparent from the following detailed 
description when taken in conjunction with the draw- 
ings, wherein: 

Fig. 1 is an assembly perspective drawing showing 
an embodiment of an ink jet recording head accord- 
ing to the present invention; 
Fig. 2 shows the sectional structure of the above 
recording head; 

Figs. 3 (a) and 3 (b) are respectively a perspective 
view showing an embodiment of a vibrator unit and 
the sectional view; 

Figs. 4 (a) and 4 (b) are sectional views showing dif- 
ferent embodiments of the present invention; 
Figs. 5 (a) and 5 (b) are respectively the front view 
and the sectional view of a vibrator unit showing 
another embodiment of the recording head accord- 
ing to the present invention; 
Figs. 6 (a) and 6 (b) are respectively a perspective 
view showing an embodiment of a cable suitable for 
the above vibrator unit and the front view; 
Figs. 7 (a) and 7 (b) are respectively the front view 
and the sectional view of a vibrator unit showing 
other embodiment of the recording head according 
to the present invention; and 
Figs. 8 (a) and 8 (b) are respectively the top view 
and the sectional view of a vibrator unit showing the 
other embodiment of the present invention. 

Embodiments which show the details of the present 
invention will be described below. 

Figs. 1 and 2 show an embodiment of an ink jet 
recording head according to the present invention. The 
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ink jet recording head includes a passage unit 1 com- 
prising an elastic plate 10, a passage forming board 7 
and a nozzle plate 3 which are integrally laminated 
together as shown in Fig. 1 . The nozzle plate 3 has noz- 
zle apertures 2 therein provided at a fixed pitch and the 
passage forming board 7 includes passages therein for 
defining a pressure generating chamber 4, an ink sup- 
ply port 5 and a reservoir 6. Ink is stored in the reservoir 
and supplied.to the pressure generating chamber 4 
through the ink supply port. As discussed below, ink is 
ejected through the nozzle apertures 12 upon expan- 
sion or contraction of piezoelectric vibrators 9 associ- 
ated with vibrator unit 8, where the end faces of the 
piezoelectric vibrators 9 contact the elastic plate adja- 
cent the pressure generating chamber 4. The piezoe- 
lectric vibrators 9 to formed with a vibration area and a 
non-vibratton area The vibration area of the piezoelec- 
tric vibrators 9 is provded with an active area which 
causes the piezoelectric phenomena and an inactive 
area which creates no piezoelectric phenomena occurs 
but vibrates together with the active area when the latter 
vibrates. 

The recording head is assembled by securing the 
passage unit 1 on the opening surface 12 of a holder 1 1 . 
The holder 1 1 includes a chamber 14 in which the vibra- 
tor unit 8, discussed below, is housed. An elastically 
deformable ribbon cable is attached to the vibrator unit 
and includes, for example, a flexible printed circuit 
(FPC) which transmits a driving signals from an external 
device. The passage unit 1 is secured to the opening 
surface 12 of the holder 11 using an adhesive and by 
attaching a frame 15, which also functions as a shield 
on the side of the nozzle plate. 

Figs. 3 (a) and (b) show an embodiment of the 
vibrator unit 8. The vibrator unit 8 includes a plurality of 
piezoelectric vibrators 9 which are fixed to a fixing base 
27 at the same pitch as the array pitch of the pressure 
generating chambers 4. Further, attached to opposite 
ends of the fixing base are dummy piezoelectric vibra- 
tors 9* which are not related to the emission of an ink 
droplet. For purpose of explanation, the center piezoe- 
lectric vibrator is identified by reference characters 9a 
and the immediately adjacent piezoelectric vibrators are 
identified by 9b. 

Each piezoelectric vibrator 9, 9*. 9a or 9b is consti- 
tuted by successively laminating first electrodes 21, 
which function as one pole, and second electrodes 22, 
which functions as the other pole between a piezoelec- 
tric material 23. The first electrodes 21 are connected to 
a common electrode 24 and the second electrodes 22 
are connected to a segment electrode 25 with the first 
electrodes 21 being exposed at the end on the free side 
and the second electrode 22 being exposed at the end 
on the fixed side. 

A connecting member 28, constituted by electrically 
insulating polymeric elastic material, is fixed to the pie- 
zoelectric vibrators in a vibration area so as to extend in 
a direction in which the piezoelectric vibrators 9, 9a and 



9b are arrayed. The vibration area corresponds to the 
area which is adjacent to the area of the piezoelectric 
vibrators which is bonded to the fixing base 27. 

The importance of the connecting member is as fol- 

5 lows. If a driving signal is applied to only the single pie- 
zoelectric vibrator 9a, the displacement quantity and 
speed of the driven piezoelectric vibrator 9a are 
reduced due to the fact that the connecting member 28 
is fixed to the driven piezoelectric vibrator 9a as well as 

10 the adjacent piezoelectric vibrators 9b, which are not 
driven by a driving signal. 

If a driving signal is simultaneously applied to a plu- 
rality of piezoelectric vibrators, for example all the piezo- 
electric vibrators 9, 9a and 9b, the displacement 

is quantity and the displacement speed of the vibrators 
are equalized because the plural piezoelectric vibrators 
9, 9a and 9b are respectively displaced via the elasticity 
of the connecting member 28 and only a part of the pie- 
zoelectric vibrators 9, 9a and 9b which receive a driving 

20 signal is prevented from being displaced in a special 
displaced form. That is, according to the result of an 
experiment using the vibrator unit according to the 
present invention, if a fixed driving signal of 2.5 V (volts) 
is applied to the single piezoelectric vibrator 9, the pie- 

25 zoelectric vibrator 9 is displaced by the displacement 
quantity of 0.057 urn at the displacement speed of 29 
mm/s. If a driving signal is applied to all the piezoelectric 
vibrators 9, they are displaced by the displacement 
quantity of 0.058 urn at the displacement speed of 30 

30 mm/s. 

In the meantime, if a conventional type vibrator unit 
in which the connecting member 28 is not provided is 
constituted and the same driving signal is appiied to its 
single piezoelectric vibrator, the single piezoelectric 

35 vibrator is displaced by the displacement quantity of 
0.061 jim at the displacement speed of 36 mm/s. Fur- 
ther, if the same driving signal is applied to all piezoelec- 
tric vibrators, the piezoelectric vibrators are displaced 
by the displacement quantity of 0.058 \im at the dis- 

40 placement speed of 31 mm/s. Thus, in the conventional 
type vibrator unit, if all the piezoelectric vibrators are 
driven, both the displacement quantity and the displace- 
ment speed are largely reduced, because the fixing 
base is bent, compared with a case where only the sin- 

45 gle piezoelectric vibrator is driven. 

That is, in the present invention, the respective 
coefficients of variation in displacement quantity and 
displacement speed in a case where only a single pie- 
zoelectric vibrator is driven and in a case where all of 

so the piezoelectric vibrators are driven are 2.4% and 
2.1%. respectively, because the connecting member 28 
constrains the movement of the single piezoelectric 
vibrator. In contrast, in the conventional type vibrator 
unit, the respective coefficients of variation in cGsplace- 

55 ment quantity and displacement speed are 5.0% and 
14.6%. 

Thus, it is evident that the interconnection by the 
connecting member 28 of plural piezoelectric vfcrators 9 
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constituting the vibrator unit 8 is extremely effective to 
equalize the displacement quantity and the displace- 
ment speed of each piezoelectric vibrator 9. 

In the above embodiment, only one side of each 
piezoelectric vibrator 9 is bonded to the fixing base 27. s 
However, in the embodiment of Fig. 4(a), a stepped part 
27a is formed in the fixing base 27. Each piezoelectric 
vibrator 9 is positioned within the stepped part 27a by 
abutting the rear end face 91 of the piezoelectric vibra- 
tor 9 therein so that two sides of each piezoelectric 10 
vibrator is secured to the fixing base. As a result, the 
regressive quantity of the piezoelectric vibrator 9 
caused by the elasticity of an adhesive is reduced so 
that the pressure generating chamber 4 can be more 
effectively pressurized, compared with a case in which is 
only one side of the piezoelectric vibrator 9 is bonded to 
the fixing base 27. 

Also, in the above embodiment, the connecting 
member 28 is f ixed to the active area A of each piezoe- 
lectric vibrator 9, that is, the area in which the first elec- 20 
trodes 21 and the second electrodes 22 are overlapped. 
However, if the connecting member 28 is fixed to an 
inactive area B which is outside the active area A, and 
protruded from the fixing base 27 as shown in Fig. 4 (b), 
the fluctuation of the displacement characteristic 25 
caused at least by the deflection of the fixing base 27 
and the elastic deformation of an adhesive layer for fix- 
ing each piezoelectric vibrator 9 and the fixing base 27 
can be also reduced. 

Figs. 5 (a) and 5 (b) show another embodiment of 30 
the present invention in which the ribbon cable includes 
a base film 13a and a conductive layer 13b. In this 
embodiment, the base film 1 3a extends beyond the end 
of the conductive layer 13b and is secured to the vibra- 
tors so that the electric connection of the cable 13 is ss 
made in the non-vibration area of the piezoelectric 
vibrator 9. According to this embodiment, the base film 
13a is secured to side of the piezoelectric vibrators 
opposite to the fixing base 27 and at the free end 
thereof. It is further desirable that the base film 13a be 40 
fixed to the active area of each piezoelectric vibrator 9 
and that both sides of the cable 1 3 be respectively fixed 
to dummy piezoelectric vibrators 9'. 

According to this embodiment, the displacement 
characteristic of the piezoelectric vibrator 9 can be 45 
equalized by the rigidity of a heat resistant polymeric 
material, such as polyamide, constituting the base film 
13a. In other words, the base film can function as the 
above discussed connecting member, thus simplifying 
the manufacturing process. so 

Fig. 6(a) shown an alternative arrangement in 
which a window 13c is formed in the ribbon cable 
between the conductive layer 13b and the area in which 
the base film 13a is fixed to the piezoelectric vibrators 9, 
in the case where the cable 13 is used for the connect* ss 
ing member as described above. With this arrangement, 
the f lexural rigidity between the body of the cable 1 3 and 
the end of the cable 13, which functions as the connect- 



ing member, can be reduced and the effect of external 
force (caused by the wiring of the cable 13, etc.) upon 
the piezoelectric vibrator 9 can be largely reduced. 

Fig. 6(b) shows details of a cable 13, according to 
another embodiment of the invention. As shown in Fig. 
6(b), the cable includes a semiconductor integrated cir- 
cuit 30 for receiving a signal from a host and generating 
a signal for driving each piezoelectric vibrator 9, and a 
conductive pattern 31 formed on both sides of the cable 
13a. The conductive pattern 31 is connected to a com- 
mon electrode 25 for each piezoelectric vibrator 9 which 
is connected to the dummy piezoelectric vibrators 9'. 

Specifically, the conductive patterns 31 are con- 
nected to the common electrode 25 for each piezoelec- 
tric vibrator 9 via an external electrode associated with 
the dummy piezoelectric vibrators 9\ The cable can be 
widely formed and the voltage drop can be reduced by 
adopting such connection structure. A reference 
number 32 denotes a conductive pattern for transmitting 
a signal from a host to the semiconductor integrated cir- 
cuit 30 and a reference number 33 denotes a conduc- 
tive pattern for transmitting a driving signal generated by 
the semiconductor integrated circuit 30 to each piezoe- 
lectric vibrator 9. 

Figs. 7 (a) and 7 (b) show another embodiment of 
the present invention. In this embodiment, both the con- 
ductive layer 13b and the base material 1 3a of the cable 
13 extend to the side of the free and of each piezoelec- 
tric vibrator 9, desirably to the active area A. The con- 
ductive layer 13b is bonded to an electrode 25 in the 
vibration area of each piezoelectric vibrator 9 by a con- 
ductive adhesive layer 34, such as solder or a conduc- 
tive adhesive. Thus, the strength of the cable 13, acting 
as a connecting member, is due to the combined rigidity 
of the base material 13a and the conductive layer 13b. 
Thus, the displacement characteristic among piezoelec- 
tric vibrators can be effectively equalized. 

In the above embodiment, the piezoelectric vibrator 
having a piezoelectric constant of d31 is described as 
an example. However, as an alternative, a piezoelectric 
vibrator 43 can be used. Referring to Figs. 8(a) and (b), 
the piezoelectric vibrator 43 is expanded and contracted 
in an axial direction according to the piezoelectric con- 
stant of d33. The piezoelectric vibrator is constituted by 
vertically laminating internal electrodes 40 and 41, 
which function as respective poles, between piezoelec- 
tric material 42. The plural piezoelectric vibrators are 
arrayed and fixed to a fixing base 44 and a connecting 
member 46 is fixed to the side of the free end of each 
piezoelectric vibrator 43 in a vibrator unit 45. Further, 
dummy piezoelectric vibrators 43* are provided on both 
sides in a direction in which the plural piezoelectric 
vibrators are arrayed as in the above embodiment and 
both sides of the connecting member 46 are fixed to the 
dummy piezoelectric vibrators 43* as in the above 
embodiment. 

H is clear that if the connecting member 46 is con- 
stituted by a cable for supplying a driving signal to the 
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piezoelectric vibrators 43 as in the above embodiment, 
the similar action is also produced. 

As described above, in the present invention, an 
elasticity deformable connecting member extended in 
a direction in which piezoelectric vibrators are arrayed is s 
fixed to the side of the free end of each piezoelectric 
vibrator in an ink jet recording head. As a result, large 
displacement at the end can be controlled by the elas- 
ticity of the connecting member in case a single piezoe- 
lectric vibrator is driven, the displacement and the 10 
displacement speed of each piezoelectric vibrator can 
be equalized by the connecting member in case multi- 
ple piezoelectric vibrators are simultaneously driven 
and a displacement characteristic depending upon the 
number of driven piezoelectric vibrators can be equal- is 
ized. 

Claims 

1 . An ink jet recording head, comprising: 20 

a passage unit (1) including at least one nozzle 
aperture (2), a chamber (4) associating with 
said nozzle aperture (2), and an elastic plate 
(1 0) serving as a part of a wall of said chamber 25 
(4); 

a vibrator unit (8) including a fixing plate (27); 
and a plurality of piezoelectric vibrators (9) 
fixed at one end portion thereof to said fixing 30 
plate (27) at a predetermined pitch and con- 
tacting said elastic plate (10) at another end 
portion thereof, said piezoelectric vibrators (9) 
being actuated in a longitudinal vibration mode 
for emitting an ink droplet by deflecting said 35 
elastic plate (10) to expand or contract said 
pressure generating chamber (4); and 

an elastically deformable connecting member 
(28) extending across said piezoelectric vibra- to 
tors (9) in a transverse direction and secured 
thereto, said connecting member (28) being 
disposed on a vibration area of said piezoelec- 
tric vibrators (9). 

45 

2. An ink jet recording head according to claim 1 , fur- 
ther comprising: 

a dummy piezoelectric vibrator (9') disposed 
adjacent an end one of said piezoelectric vibra- so 
tors (9), an end of said connecting member 
(28) being fixed to said dummy vibrator (9'). 

3. An ink jet recording head according to claim 1 or 2, 
wherein said connecting member (28) is fixed to a 55 
vibration area of said piezoelectric vibrators (9), 
said vibration area corresponding to an area of said 
piezoelectric vibrators (9) which is separate from ah 



area of said piezoelectric vibrators (9) which is fixed 
to said fixing plate (27). 

4. An ink jet recording head according to any one of 
claims 1 to 3, wherein said connecting member (28) 
includes an elastically deformable ribbon cable (13) 
for supplying a driving signal to said piezoelectric 
vibrators (9), 

5. An ink jet recording head according to claim 4, 
wherein said ribbon cable (13) has a window 
therein so that an area on which said cable corre- 
sponds to said connecting member (28) is parti- 
tioned from a remainder of said ribbon cable. 

6. An ink jet recordng head according to claim 4, 
wherein said ribbon cable (13) includes a base film 
(13a) and a conductive layer (13b), said base film 
(13a) extending beyond said conductive layer (13b) 
and being bonded to said piezoelectric vibrators 
(9). 

7. An ink jet recording head according to any one of 
claims 4 to 6, further comprising a plurality of elec- 
trodes (25) respectively provided on said piezoelec- 
tric vibrators (9), wherein conductors of a 
conductive layer (13b) of said cable (13) are 
bonded to said electrodes (25), respectively. 

8. An ink jet recording head according to any one of 
claims 4 to 7, further comprising a semiconductor 
integrated circuit, for driving said piezoelectric 
vibrators (9), which is mounted on said cable (13). 

9. An ink jet recording head according to any one of 
claims 4 to 8, wherein a conductive pattern for con- 
necting to said dummy piezoelectric vibrator (9') is 
formed on said cable (13). 

10. An ink jet recording head according to any one of 
claims 1 to 9, wherein two sides of said piezoelec- 
tric vibrators (9) are adhered to said fixing base 
(27). 

11. An ink jet recording head according to any one of 
claims 1 to 10, wherein said piezoelectric vibrators 
(9) each include piezoelectric material and a plural- 
ity of internal electrodes (40, 41) alternately lami- 
nated. 

12. An ink jet recording head according to claim 11, 
wherein said internal electrodes are arranged in 
parallel with a direction in which said piezoelectric 
vibrators (9) are expanded and contracted. 

13. An ink jet recording head according to claim 11, 
wherein said internal electrodes (40, 41) are 
arranged perpendicular to a direction in which said 
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piezoelectric vibrators (9) are expanded and con- 
tracted. 

14. An ink jet recording head according to any one of 
claims 1 to 13, wheran said connecting member 5 
(28) is disposed on an active area (A) of said vibra- 
tion area of said piezoelectric vibrators (9). 

15. An ink jet recording head according to any one of 
claims 1 to 13. wherein said connecting member 10 
(28) is disposed on an inactive area (B) of said 
vibration area of said piezoelectric vibrators (9). 
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